The study evaluated the effect of sodium chloride (1.5%), sodium erythorbate (0.5% and 1.0%) and ascorbic acid (0.1% and 0.2%) on inhibiting lipid oxidation in mechanically deboned chicken meat (MDCM). The peroxide, acidity, pH, color and odor values of the samples were determined on the 1 st , 3 rd and 5 th days. Treatments with sodium erythorbate and ascorbic acid had significant influence (p ≤ 0.05) on the peroxide, acidity and pH values. Ascorbic acid and erythorbate sodium were especially effective in reducing lipid oxidation in mechanically deboned chicken meat.
Introduction
Mechanically deboned chicken meat (MDCM) is a widely used raw material for the production of meat patties. According to the Sindiavipar Journal [1] , in 2010 the state of Paraná-Brazil, exported more than 1 million tons of chicken meat to more than 120 countries worldwide, accounting for over 1.69 billion dollars.
On account of technological modernization, MDCM has branched out mainly due to its simplicity to obtain and process industrialized products [2] .
The mechanically separated poultry meat emerged in the late 1950s in the United States. MDCM emerged in order to satisfy consumer preferences for chicken cuts and fillets instead of whole chickens, thus giving rise to finding ways to take advantage of chicken backs, necks and bones from deboning techniques [3] .
Mechanically separated poultry meat is a widely used industrial process that enables using non-prime raw materials or with no commercial value. Because it is a lowcost raw material, MDCM is widely used as a protein source in the formulation of industrial products [4] . Due to the high lipid content in its composition, it is very susceptible to oxidative reactions. These reactions occur from the metabolic transformations of fatty acids in the meat. Under the current law, the maximum fat allowed in MDCM is of 30% [5] .
In addition to the high lipid content, the obtention method is another aspect that contributes to the occurrence of lipid oxidation in MDCM as in the processing the incorporation of minerals occurs from the fragmented bones. Furthermore, the grinding during process increases the product's contact surface with light and oxygen, the oxidation accelerating agents. The lifespan of MDCM is of 24 hours at a temperature below 4˚C, 72 hours if kept at 0˚C and 90 days if stored at a temperature of
Oxidation is a natural process in meat and its derivatives, and its occurrence is potentiated in the presence of oxidative agents. An alternative for retarding lipid oxidation in mechanically separated meats is the addition of antioxidants and preservatives, but this practice is not allowed by the current law. Thomas [6] defines antioxidants as any substance that, when present at low concentrations compared with those of an oxidizable substrate, significantly retards or inhibits oxidation of the substrate. Antioxidants can act by different mechanisms protecting the target lipids from the onset of oxidation or impeding the propagation phase as described in Mariutti and Bragagnolo [7] . Sodium erythorbate and ascorbic acid are widely used antioxidants in the food industry, while sodium chloride is used as a preservative, which also provides flavor to meat and meat products. According to Rafecas and others [8] , deciding on an antioxidant should take into account factors such as laws, cost and consumer preference for natural antioxidants.
This study evaluated the inhibition of lipid oxidation
Material and Methods

Samples
Mechanically separated meat samples were used in this work, which were obtained from poultry processing plants located in the state of Paraná, employing mechanical deboning methods (Poss Limited, mod. PDE 2500). After collecting the MDCM samples, they were immediately sent to the Physical-Chemical Laboratory of the production unit and divided into the following treatments: control treatment-in natura MDCM sample; 1.5% sodium chloride treatment (SC); 0.5% sodium erythorbate treatment (SE1); 1.0% sodium erythorbate treatment (SE2); 0.1% ascorbic acid treatment (AA1); 0.2% ascorbic acid treatment (AA2).
The following were used: Sodium chloride, minimum purity of 99.8% (Romani), ascorbic acid, minimum purity of 99% (Makeni Chemicals) and sodium erythorbate, minimum purity of 98% (ICL Brasil).
The samples were appropriately homogenized, separated into smaller samples, supplemented with the agents 1.5% sodium chloride, 0.5% and 1.0% sodium erythorbate and 0.1% to 0.2% ascorbic acid, and then identified and placed in refrigerator at 0˚C, for 72 hours in order to simulate the conservation process of MDCM during the production, transport, packaging and industrialization process of the final product.
The analyses were performed 24 hours (1 st day), 72 hours (3 rd day) and 120 hours (5 th day) after the production process of MDCM.
pH Determination
For the pH determination, 50 grams of sample were used and 20 ml of distilled water were added as described by BRASIL [9] , and the reading was performed using a potentiometer (Mettler Toledo, mod DL 25).
Determination of Acidity
The method used was based on the extraction of fat using a mixture of ethyl ether: ethyl alcohol 2:1, with continuous stirring for 2 hours or 8 hours of rest and neutralization titration with NaOH 0.1 mol/L and phenolphthalein as an indicator, and the values were expressed as mg of NaOH/g of fat [10] .
Determination of the Peroxide Value
The fat extraction was performed by mixing ethyl ether: petroleum ether 1:1 and the iodometric test procedure, and the values were expressed in mEq/Kg fat [11] .
Overall Evaluation
The overall evaluation was performed using the visual and olfactory perception of the characteristics of the MDCMs.
Statistical Analysis
The statistical data analysis was performed by Analysis of Variance (ANOVA) and the results were submitted to Tukey's test, with reliability ≥95%, using the Statistica 6.0 software program for Windows (Statsoft TM , Inc., Tulsa, USA).
Results and Discussion
Regarding the color of MDCM, the addition of sodium chloride caused, between the 1 st and 3 rd day, the formation of dark pigments on the mechanically deboned chicken meat of the SC treatment, and also of the Control treatment. The sodium erythorbate treatments in concentrations of 0.5% and 1.0% exhibited noticeable influence on the color parameter, between the 1 st and 5 th day of the product's shelf life. In contrast, the treatments with 0.1% and 0.2% ascorbic acid had little effect on the color, and the color was characteristic only in the first shelf life day, with the characteristic color only in the first shelf life day, while between the 3 rd and 5 th days, the samples displayed a pink color with dark spots. However, the control treatment displayed a change in color, a pink-brown color after the 2 nd shelf life day. Meat quality changes can be perceived by changes in taste, color, texture, nutritional value and the production of potentially toxic compounds. Regarding the color of the meat, Liu and others [12] argue that there is a hypothesis that certain free radicals produced during lipid oxidation act directly on the pigment, resulting in its oxidation or damaging the pigment's reduction systems. Generally, the surface of the meat exposed to oxygen is bright red because the myoglobin is oxygenated, but this color can deteriorate during storage and exposure to light due to the oxidation of lipids and pigments, which can change the heme group and start the oxidation of myoglobin, which causes the color loss of the meat [13] . With regards to odor, it was observed that on the first day all MDCM treatments showed a characteristic odor. On the third day the SE1 and SE2 treatments showed no change in odor in comparison to the first day, while the SC, AA1 and AA2 and Control treatments presented acidic odors. On the fifth day the SE1 and SE2 treatments also had a characteristic odor, whereas the AA1, AA2 and Control treatments demonstrated a sulfide odor. Lipids contribute to desirable traits of juiciness, flavor and aroma, although easily oxidized, resulting in the forma-tion of toxic and undesirable products [14] .
The strong antioxidant effect of Erythorbate prevents the development of oxidative rancidity when applied in concentrations above 100 ppm, and in lower concentrations it can accelerate the development of oxidative rancidity [15] . Of the natural antioxidants, Ascorbic acid stands out as one of the most used agents in food products [16] . Table 1 shows the results for pH, peroxide and acidity values on the 1st shelf-life day of MDCM. The results for acidity were lower (p ≤ 0.05) in the SE1, SE2, AA1 and AA2 treatments when compared with the Control, whereas when compared with Control, the SC treatment did not differ. The SE1, SE2, AA1 and AA2 treatments showed no differences between treatments, whereas SC differed from treatment AA2. Therefore both chemical agents used showed similar effects on the acidity of MDCM after one day of storage. The peroxide value did not differ (p ≤ 0.05) between treatments on the 1 st day of MDCM as no peroxides were detected in the studied samples in detectable amounts by the methodology.
Regarding pH determination, it was observed that the pH in the SE1 and AA2 treatments was higher (p ≤ 0.05) than in the Control. Table 2 shows the mean values of pH, peroxide and acidity on the 3 rd day of MDCM with and without the addition of agents. After the 3 rd shelf-life day SE1 was the only treatment with the lowest acid value, therefore more effective in inhibiting acidity (p ≤ 0.05) than the other treatments. However, SE1 did not differ from the AA1 and AA2 treatments (p ≤ 0.05).
In an experiment using chicken breast fillets Mantilla and others [17] reported that considerable pH variations occurred only after the 12 th day. In contrast, Pollonio [18] , in a study with mechanically separated chicken meat observed that the pH results ranged between 6.20 and 6.37 in frozen and stored samples for six months.
The peroxide values on the 3 rd day showed that the SE1 and SE2 treatments were more efficient in inhibiting peroxide formation in MDCM (p ≤ 0.05). The AA1 and AA2 treatments were less effective than other agents used to inhibit the formation of peroxides, with similar results for the Control treatment (p ≤ 0.05). Regarding the pH determination, it was found that the treatments with the lowest acidity levels had higher pH levels. Table 3 shows the values obtained on the 5 th analysis day of MDCM. There were no significant differences among the SE1, SE2, AA1 and AA2 treatments regarding the acidity analysis, and they were lower than the SC treatment and Control (p ≤ 0.05). It was found that treatments with sodium erythorbate and ascorbic acid were effective in inhibiting acidity of MDCM, displaying on the 5 th day a similar acidity to the Control on the 3 rd day. The peroxide determination showed that SC treatment had higher peroxide values than the other treatments, but this treatment showed no difference when compared with Control (p ≤ 0.05). According to Olivo [19] , peroxides are products of the first lipid oxidation step and are not toxic, but the secondary products of oxidation can be toxic. According to Bellaver and Zanotto [20] , the peroxide index (PI) is commonly used to detect the rancidity of fat. A rancid odor probably indicates that the oxidation process is in its final phase. A low PI in its final phase coincides with high concentrations of secondary products (aldehydes, ketones, alcohols and esters).
MDCM is highly susceptible to rancidity due to the large area in contact with oxygen and obtention manner, displaying high levels of fat, lipids and calcium in its composition. Antioxidants are widely used to retard or inhibit lipid oxidation in foods. The antioxidants' mechanisms of action happen when competitively binding to oxygen, slowing the initiation step, interrupting the propagation step by destroying or binding the free radicals, inhibiting the catalyzers or stabilizing the hydroperoxides. Antioxidants should not be toxic, display high activity at low concentrations, should concentrate on the surface of the food grease phase, should withstand food processing, and also contribute to the stability of the final product [21] .
The pH values obtained showed no difference among the treatments under study-however a reduction was found when compared with the values obtained after the 3 rd day, possibly due to the product's increased acidity after 5 th day since acidity corresponds to the base quantity (in mg) (KOH or NaOH) required to neutralize the free fatty acids in 1 g of fat present in the MDCM. The use of sodium erythorbate and ascorbic acid antioxidants, in the levels studied, was effective in inhibiting the formation of peroxides in MDCM until the 5 th day under refrigeration. In a study of turkey MDM, it was found that the antioxidants studied, for 7 months under freezing conditions, were less effective in this order; ascorbic acid, Vitamin C in aqueous solution, synthetic vitamin E, and the antioxidant with the highest efficiency over time was rosemary extract [22] . The use of casein-derived bioactive peptides in MDCM was also a natural antioxidant alternative [23] . Hassan and Fan [24] compared the synthetic antioxidants BHA and BHT with cocoa leaf-derived polyphenols, which were less effective, though very similar to the oxidation of MDCM.
According to the data obtained in this work, it was observed that the addition of sodium chloride had no effect on retarding lipid oxidation. This corroborates other authors who claim that sodium chloride should be avoided in fresh meat to be frozen, as it acts as a pro-oxidant, promoting oxidative rancidity and an undesirable brown color of metmyoglobin [25] . According to Torres and others [26] , the addition of salt in meat products is problematic for their quality because it has been associated to lipid oxidation and meat discoloration due to the presence of metals acting as catalysts.
Conclusions
The treatments with 0.5% (SE1) and 1.0% (SE2) sodium erythorbate were effective in terms of MDCM oxidative rancidity, because they reduced pigment formation and characteristic odors resulting from lipid oxidation. However the treatments with 0.1% (AA1) and 0.2% (AA2) ascorbic acid were effective on the color and odor only on first evaluation day. The treatment with 1.5% sodium chloride (SC) showed no lipid oxidation inhibition.
The results showed that sodium erythorbate and ascorbic acid are effective in reducing oxidative rancidity in mechanically deboned chicken meat, and require further studies to optimize the concentrations added.
